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Abstract: 

Until recently, most computer graphics systems have been oriented toward the display of line 
drawings, continually refreshing the screen from a dispJay Jilt oF vectors. Developments SU-ch 
as plasma pare! displays and rapidly declining memory prices have now made Feasible raster 
graphics system*, which Instead associate some memory with each point on the screen, and display 
points according to the contents or the memory. This paper discusses the advantages and 
limitations of such systems. Rosier systems permit Operations which are not feasible om vector 
displaysuch as reading directly from the scresn as well as writing it, and manipulating two 
dimensional areas as well as vectors. Conceptual differences between programming for raster and 
vector systems are illustrated With a description of the author's TV rsir(2e a graphics system For 
raster scan video display terminals. This system is imbedded in Logo, a LisjHlke interactive 
programming language designed fur use by kids, and Is based on Logo's turiJe ^fonlutry 
approach to graphic*. Logo provides powerful Ideas for using graphics which are easy fai ktds to 
learn,, yet generalize naturally when advanced capabilities such as primitives for animation and 
color are added to the system. 
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TJn-Lil r*t«ridy, mui! EOmpuKr graphics sync-ms hjvi? been 
oriented toward me blip ay of lief drivings. concmuillY 
refreshing rhe screen fran 3 ditpl-ty list af votr-ori. 
tidvtl<lpfMn;i 5 UEh hi piiiima. pi nel displays ami rapidly 
declining memory price: hive nou pudf retliblr nrtw 
graphics lyst-rms, -which snsieid assttiaie »me memory with each 
point on the screen, and dupLa? peiMi according to tht concerns 
or Tht memory, This paper ducuiies die id'ihnu^fi ind 
itmJHIlam or idth ijrilemi. Raster syKCms pfi-m* nprra lions 
which are net feasible cm -j(t:ec displays, suth ay reading 
directly ftdn Lhe screen is well as writing ti. fmd Manipulating 
two dimcnsjcnal areas a: wen m v«ierS. Guncepiual difference* 
betwEEn ptrcgrnairiming Toe filler and vector lysum's lif 
LI hist rated with * deieraplion cf the author’* rV T’itfEfe', a 
graphics fystfm Tor Iisaf «in vtideu display terminals. Th.i: 
ijtslrin is imbedded in Lflcga 1 Lup-life inleramve programming 
lingoage designed fur last by kids, and ib based erfi Logons 
tiirlJp jjeo metry apptMdh Is priphiei. Logo prpvadfj 
powerful Idea* far uiahg graphic* which are fiSJ Jot kids Ed 
learn, yet gtntfiliH naturally when advanced Upabiiultfi iit-:h 
as primitive* for animasion. and wbr are added cn (hr lyiirm. 

1, DriLVipg w ith turtle ir 

The fundamental concept of the Lcrgo approach Id icmpurer 
grapfiati ii (he tciriJe A lURie ii an i.-niginary t mature which 
Icvei gp Tl»t dliplly Screen, It ha a a jogjog, or, !he screen and 
* h&idinf. the dir-ecnon in which thr Uirrke 1: facing, Thr 
(circle alio ha: a jM-tn wh*sh can be either irp or dpwn. Thr 
Command.: ftJRWAAQ- *nd BACH thing* rhe ru T lie'i prajlmn, 
moving Sc slung the 1 direction of die- heading If thr pin 11 dawn 
when [he turtle move:, a tme IS drii*^ belwern the old and r.fw 
positifln*. LEFT ini RIGHT change- the heading. ISee Figure JH 

Thil scheme Is generally much more Kmrenient for initrictive 
graphics thin Lhr »nvn|jSnl approach using absolute 
cartesian to nr i 10 a re*. ifid Its mathematical t-ipiicatic-K lead 
naturally toward 4 new new of gtorncry tafied mj-CJe 
fiJflmrtiy. The Logo graphics philosophy and rurtlf geomrerr 
ire dlmuLHd ia detail ,n [I], [& and B 3 Thi turlle n 
pnrmilly repreiencfcl viiuaTly dp. the strran by a triang^ shlped 
■Eiirp-ar pointing; ire the d|r«iiflh □: the neading. ih-nnogh any 
procure can he ruhiiLiuiCd, fur Lhr: purple Any nuntarr dT 
turtles can be creaiei, ri(h with set own l«j,| .iih 

These Ejast: turtle command: are torhmon to a lfiriitr Of Logo 
iyaicmi for crC 3 tm^ pictures using srvnal differ (ft; Lypn of 


dfWsCfi In addium CO the rlMn slrvrm there are graph its 
systems winch Qp»Mle ufing vector display liii iuplayL. tuci-, as 
trie DEC- ind GTtib [b] Ano;h(r version use: chiracier- 
only display terminals. the :w!lr j: ccnstriincd ;c ino*. e 

about a recta nguDr gud v£ chiracters ThJ :ihSe tiirlfe 
cornmanoi tip also be u:ed lo cnr.trgl 1 fobs; Curlle. which 
draws pictures on the fleer wtdi a 1'etc ttp i.-rr ftl 


VcrOCiOrL- ve rjaiiE oSJgO 

Baiter graphics systemi such U the Tv Tiirlli cepmcr.; a 
significant dtparmre Fruni the vrcipr display Im approach 
which his Charactecuprl mbit preiious graphici syktems Suite 
Che pnmicLve cap4bi)ities of raster lyiirms d-ifrer from Lhose 
offered by i«Mr display Usr sysiemi. njier spirnni tnccejraj;e s 
hew Obtlbbk on graph|«. and Strongly influence the srpU! or 
graphici programming 

Or.e aspect pf rlill Ii illuiLmed by an analogy wirli :hf Cdnlras! 
berween iWnpjlers and inrtrpKtft'S fur general pjrudie 
pfogunrung languages, The primary ccmcofii-nr of moi! vetldt 
diipfay list sysremi n a display fjai compiler which compiles 
graphics commands into a display J/Jif, a sn «r insLruciion: for 
a display pTficeisor. Raster syuMhi ehminile she duplay hit, 
imaAihg live duplay l:sc tpmpilrr unnKtessiry. As a iesu.li, rutf'- 
J-ystemi take on mpre Of Ifie flavor of an ini(-rfir(i(r The 
advincajjes in geiWrihly, simulicuy, anp caif of sflreratliur- 
offered by IfKerprrers are especially impUrUiiE fur sysiems lite 
Lo.tjd r which are designed for use by beginners and ait hjglily 
ml tractive. Although Lhe ettiTi toncepiuil cocnplfiity sfiipused 
by a compPiddh process can be mlnmiEed by a clever tempi er 
wiieo programs are simple, jr become! mbUblEvome w.nen id 
attempt ■■ made tc induce meet scphiiticulet] Capabilities. 

The display list compiler found in mos; preser: grinhict iysr-tiTH 
■S- irecessary because I lie prociuor ccnaolling rhe display ifi suth 
systems h*i primLlifr insirucuijps whuh display visible ohjtcs 
..such ii- vettecs raomoDtirf Jy In crorr for 1 pitture 10 remain 
pn the -screen, the protector ptuiE npeaCedLy otetuie a loop 
containing the tflKmctnms (d draw me picture. r(ffd-luiig [he 
screen when rhe niije fades. The tier would norrrjlly lite tn 
have tomminds which tame pbjtill dri-n lo Mir on -he screen 
rather then ffash and. disappear, This u itcamplished by 
having graphics ccmmands dperile by iniliutlins a duplay Hit 
CO rnptlcr la crtmpsle {hi user's reqaesis idio the initrutriOn» 
undernobd by (he display prtstteHAI T'nt global displiy lilt 
npmentirg the piciurt ib ihen edited lo mien the compiVC 









CLEARSCREEN 



FijMf* Li. This (i :Hr in |i*t sLil» fj*# luffl*. ripfiiirtlrtd by 
i !ri.pr,[u.nf (prior, star Is at I it Ms -s' ih? teller e! C^r 
icrcen. [I■ hewing isaifts upward. The icl are al |.-w ct-nter 
■Dt fl» lurlle irJ*:+lti ili Wf it oowft. 


FORWARD leer 


f 


Fifcurc It. Thd lurSIt r , cvti ICC siepi in IF* dir* (her, al iim 
hnadirij.. VL lr iirt 1h* Lurl m irpv» Milk fi>p prn Jnur, I praws- 4 
11 no-. 


RIGHT S3 


FORWARD 133 
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Fjjurt Ld. TdE Lprll* npw 'C Iht diritlidfi dl l^t "T-w 


PENUP 

FORWARD 189 
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Fijpr* 1*. When thn p*n iB up, Iht iL^lle runs "«l ' 

lir* whrnr, if iS mC'-SC. 


TO POLY jS rOE :ANCLE 
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Figyra ](. Th* *inasfing. i* to rp *^ ® drB r **t- 


Flyura 11. A typical prnxedjra far erj^irg pplyjom. rfclt 
M lb* itiuniCri -C4E 'iPl Itrm r l»li, jnp | hf pr*f*ilyr* 
r»u*t br *fapprd by h-nd, 













instructions into She refrefh loop. Thu rafmh loop n i 
UL P lf *1' ? IKt11 'unulfif in parallel w;sh i ht oner's nr£» r , n 
Tli* display list M^piltr usually nun have the ir.il.-y to 
Compile incrtrwfiEifly, so that when th: pitrure u thawed , E |E 
FV« ntttltiry CD nepnmbilc ill or jL Th* repertoire v^iblc 
'tefaa SVa Liable in <He in« r uciran att or masr dupliy pr^ruo zi 
lypatAlljr includes veston*. pauses, and na,. |„ 4 ddm«l mine 
duplay ptocnmi hi v« the capably ip ull subrnuiinn, so rha^ 
j jeqiienci ,)J drSplay iniiruiNWis ma, be used from many p | lLt i 
4" <M display last. V«rOr display |tft »,sn ni and dsspbLy l, S r 
■■film *« discus,^ m dc:ajf hi 

JA raster lysrami Lt<- (he TV Turtle, all graphs onir.»iiLf 
ci.uk changes to Lhr display screws dirtily by ™jj TlnF the 
memory ijwiiitrd with each point on Use screen. Hardwire- 
Jnd epemfeniJy refreshes the sc r e« from rhe Parents ot rht 
memory, » Use software need net concern itself with 
ruinriiMnj ,1 aepiraic pnctu (n- refresh she screw The 

primitive opeeauan in a rlsler jn P J, K s sysieni u tn ,i,jp|a V j, 

VjiLblp tsbjet: u'hich purs/sis or, the screen ant.. 

*ras«l or modified &mtf changes ire rude direcrh io 'he 
Cllplayed tUPII image*. there 4 no need for a hidden da-a 

ftriKteizr Itfci a djsptiy bsc, and no r.»d Tor * , (M 

compiler. The vjfible tf fee; of a command ortsin immediately u 

th* command si lOCcrprerfd. 

Interpretive systems only require a narve user io eindersraiiS Lhe 
Kfnaniics of the ldurcf language Compiler!: lend tg force ihf 
UMr 10 eKpItuliy scmider clhe semantics of the target lanruate 
■ tte protest af Lrandjung prtjrinu frem one language j M p 
the Other, Thai, graphics lyacrm* bused on, display lip tcr^pilers 
may require the user to know a boat the dually processor's 
iPRfUnkuif and thrni or cnnmantLp in terrsp of hot. ther 
wmpsle into display Bm With compilers, the user must ^ 
underirirsd she effects of dedaraticns as weir m imperirive 
command*; for esampSe, decliyimni « a griping compiler ro 
open" it -clDif i display iLu [TJ Comp.ler sysitm, are much 
ies* riBKitUt thin mwrprren ill jnceracisire dehuarun^ 
■tn-nhumng- SoirpileH representinohi such ap dupliv iTacs jf 
U litiilly IUtle Jie!j] Jh d-eau^Lng. and prcblenm may arise t'SLj .i-.r 
□l dlKre^aiKict belween i&jrce and can-piled versions or a 
program. Tli* compilation pnoertf fiespicntly Icsea inflKtim 
hfcrmarion ai*)!*: the orJEJlWl prografn. The uur r nuts, tokrile 
[he deliy of compjfc time, dunnj which miendes thmtH. to >r,e 
program fattens* efre«iee. Local change! i.c a neogram Kim 
necessitate eahrnssvc reccmplUuarv. Ai ein rr i|dicih; mlerpre: 
rather [bin compile graphics tcniTJiiii. Lhey are able ra avoid 
many or these ptbiskuni aaioccaied m:h ccmpilert 

Kilter lysrcmsi a| SD permit t greater i-tgree of flritiOility In the 
Choice- of data structure] use cl tn represesit pictures Graphics 
systems Of Lhc v-rcior oiiclay Itp lype proi'iOf a very jardhg 
IndueeteienL for rh* our to eohteplualize purures as ccnsiimig 
solely or set! of Hb*l In many loth sysrcmi. ir Lne destriptiun of 
:he picture El very cnmplex :n terms or thr vecur representation 
thf display will start » flicker cfcyetPoniMy as the display 
procHior will ntr be able ?d icierpre: all Lhe msrriitCicns -rapid|y 
ciiDiigh to refresh the rcrern. Curved, lint* are approtijmated by 
maivy short vecsors and lend i* i*cu lrt large discay Ims Very 
few v^tcr type tyMems cab dinghy a atffitiem number of 
vecw?S <o make Shading irtis feasible The raster system, 
howev^ is net limsied by the camglexity nf rhf pittune. jt w,|| 
ausc fHeker, even if the pinore ranwsn of a large number cf 
vttt&ri* test, pom'j, ourv«, or fjtled lb ireis Rmer jraphia 


encourages experimentation «s!h a greater vaviMy 
fepre-aentitiaris Tor visiaaf information. Failures 
r*pr*le-n!ed is mi of poin:s, vectors, 
procedure-*, or aliier Uternanvei 


tan 

run length cthje*. 


S. Eraas i ng |>ie: tij ]^S 

In iflftfr grapJiict systemj, ^tflinu, vectors and urher vuible 
Objects can be erased ,ui[ is raaiJy a* they UvdHWB, by Surnmi 
Off bib tn lhe screen rtwmnry miaeid cf lummy lliem nil W« 
can aupply lhe tunlf mslJi an etfuaer in adOslion id a pen When 
!he eraser is down, poinu aUsqg lhe tumle'i parh are erired. yusi 
ai rh<y are drawn, when :b( :urd E panel U vec :brm w.;h ihe pen 
down.. Altfrnilively, rhif tan he rhdughi of ns dnu-mg in rh* 
same setar H irak" as the background, causing prevnju]J» drawn 
pitlurei to d uippear (5rt Figur f 2) 


PENDOWN 

REPEST 4 F D J5e RT SB 
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ngwe f*. Th* lurlle draw* t Yqujru wifh lhe- pen ia:wn 


ERflSERDOtfN 
FORURRD 153 
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Fie are 2h Tha :^r| E erase* pab (K one el rn* ,ouir* 
oy BD.rt euar if w,|j, lb, rriitr 


■.n vector dllFU r ]it{ aynemk. erarirYj a pitturf is acitun^bshcd 
by deleting rhe irastnact«m which craw p from itie refresh luap 
Of cHe display prorokor. Thu if m rnar»y ceiptcii Itli. fleKihle. at 
the structure gf in object id be deleied mu][ torrripand fuatliy 


? Si 
































, an d ra ™fi The decision Id enable erasing in object 

aun be midf when Lh* display H* “ whereas in 

lsE tf wihim <hi* drtdioii Fan Ur made at ar.jr rime dur,nj [hr 

veturkou OF i. program. h It (*B*r«ny Hdi putlblt «n ^play 

'“'iptem* » u«« wily part or a «B" ** *« :Qr *«**«*<w 
., , vmuity displaced 

1„ E problem - 151 * «LdJ tlw « i( " !& r «™" P J[Clir “ 

men , h , semn is that It rt'n do** rwOL behave is •xprt'd Tdr 

lieturw that ace -sundered ** 0,1 ch * scr ™' hw 

.^sid^nnt two dur^^nal peturtl it representation* #F ih-« 
-imennonal oOjKH, an opaque .*J«S prtvenil Object? behind il 

- rtln taring seen by an *«"« If lh * *P si l -Jf Di, ^“ 
[■mDVrd cbAcured cibjEcLi whidh were behind it r«ppMf Thus, 

■ ti expected that dii-mg in dtj^Land erasing ,t mil l«i« a 

3 tGlH» umlbdurM- The tfmanOCi pf lb* Pt ™nw*nd 

Itttnd, then, li to =ra« an bbjKL hifl rescur* fhnivff "a* 

- Jiitla behind It befdr* Hit abject wu drawn, In vector display 
:",« iiHtrvuiAnt for dUpli^ i-o intersecting mcnri 

..■iU result ah displaying rhr inler±«t|Dfi puim tvri<zc during lb* 
afresh cycle. »ihit removing onr-cf the 'reran will n« rau?* 
:he iilwriBrtarm point ta go ?wiy, ** h wl11 be dupUywi by the 
irHLruccran for the remaining vector. In [hr TV Tuttle, If 
mtewainj Slum ate drawn. wiLh Hi* pen do*n. and one hne is 
?ras*d by taokrny a*er rt wstfi the eraser down. the poem or 
HrvwrteetiM will be turned off dS welt When. 1 pusuur* ii dr*™ 
over UHhtr h 1bc‘ Obscured piUUE* II ndL lived, and JO IS net 
resmrcsJ when anoLher pi curt passing UinWfls the tin* pa lnts 
is erased- 

On* mechanism for aolving rhi* p-oblem as iu explicifly s* v * 3 
portion of the aid picture btf or* drawing i new pKttre *m «. 

-(, a[ oib pituire an he rtnor-td when the new picture u 
L rfd, This eompllcitff prog ratut which do frequeue display 
rvnd, eraiing of overlapping; pitturrs- Hare elaborate hirdwaie 
could provide a "[wo-and-a-half dtmtnHfinar feature, tn i 
tyjteeri With aevefil *11! per point, where eaCli btl it alilgMO 3 
pij n* and hardwar* determirwft (he vbabilltjf of each poiol 
according TO an plane [&]. 

In addUion to the pen and IK* traur, [he tJfllf lit also eddeppei 
mjth an wzszlusive OR WOK} mode. Sn Htie mrde, ihe iwnk 
complement* the s:*[f of poincs as. it pauei over :hem. turninrf 
□n pttintt which were previously oft asid turning l, i poinn 
wbidh were -Oft Th.ii mod* ti oFteni useful w;lh simple 
overlapping ptqcures, where dually or [hr mieneCSihg area il 
not critical, hue it :i impOf[inc lo avoid diwtrbing a background 
picture while same erdHT picture is drawn and Lher. erased. 
Utlng XQR Et^iid*, a picture can be drawn hhd subsequently 
erased using the s»n» procedure, [ra n spare ill [0 any previously 
existing picture It as olio very uieeul when a paiijcular ptctvf* 
should remain dulsnaly omble. even IgSlnit bachgfO'Jnis of 
'heavily shaded ps£tUT£S- Ter Lhelf reasens, XOW irscidt ls used ro 
display the triangle cursor which marks Ihe Stilt of she turtle an 
The screen. 


4 . Betak in g che ser ects 

^nether jm^fpranc conceprual euMiiSfl pirmiiitd by rai['r 
— phLCS Ii [hat Ihe m*Hl rtejn-emCiefi what is dri-Ti Upon it, 
.. Ji pOiStbLt la read from the iOHfl » well as wrist on it. 
IndivLdull poind on the screen Citl &t [*!S«i. 10 K* if ch 'y are 
on or Off Thu allow} programs LO ,Tarcoivt *11' « an She 


it reef- hr well it modify it. ^ 'itrs-iisi af Lhe FORVVAHO 
command can easily be defined whtch will step if k rht surd* 
hill ^ny displayed “ottilacLei" HI Its path. A "leeing CJrt :u;:l*' 
tar. vephri evideivce of visible abjc:ts in, the direction o; Lh.t 
curch’y head in j. The turrle tain be- programmed 10 find ju way 
□us of rna tei dr navtgai* armsnd obstacles- The s-hading faCiluy 
also depthdl Lit an easeulsU way upon being iblf 10 rvad the 
screen SO j*arcti for Ihe boor-daries. cc a region 

In almoin every vector display lisi jfiiwi. h » s impouible o 
estam-nr a diiplay 3|« afier sL is treawd W de™nnil»H*M lion 
the screen Diiplay lists are uJCially irace attei-hblt only from 
fniChiiit (lEigciage, and inquire kuowiltg the forml lif lb* 
ipitplay pjDceisor instfUCHon sel. E'Jfn If chu irifOrmiSCion Sheet 
.available, figuring oof whether & particular point on the jerem 
was on would be 1 knvttiy compulation, as t! would involve 
*!i a mining ail the display lists estluing in Ihe jysttm, Programs 
which tieril CO know whaL hii beer dravin. nvju snytrad mainLiiu 
rorr.E auxiliary dala SLtuClure io record changes io Jhe XHffl, 
and modify that urocrure whemeter a- inn lay cwnmand is 
stsued. louead of icsmg dispkiy Sim as the pnunry data 
itruclur* foe piciurrs, in raster syitems the user deals diretciy 
wuh the screen memory, and can think of iWiing and 
d.isplaying p&inti as pmpiy reading or writuig Lhf screen. 


g. WneJs mil pictuTO-s 

Alt im*racnon with the system invctlvin* text, HJd< iicommir4 
Ihptir. program eOLlulg, and Pror measnges OlCUfS C*l 4* isjrno- 
diaplay icreen used for graphics. This has fh* advaniage ct 
concentrating the atientioc oi [he US*r oei i img'lr screen, rS[htr 
Chan dividing it between 4 graphic, djspliy ahi lexi terminal. An 
auxiliary pracesJdr IS employed Lo speed up [he drawing of leat 
on the screen during normal rfsiritiet inpor and output On* 
can. however, ul* Jhr graphics taimhAndS SO display text as well, 
perhaps io print using a different Tonr IhJA ihe ay veto's iefeuT.. 
For convenience, a iplLi screen Pede ls normally rued in which 
[he K>p area Of the screen Is reserved for graphic uumur. and th.r 
b&ttom far typein and [ypecut. t he SiJ-il of Che ieat and 
graphics sec;inns are fialSy ad^iKable SO [hat. for example, the 
teict area £tn b* eitpinded while ectlting the teat of i p,rcgriai, 
nir [he graphics area enlarged while witching picuirei beinj 
Prawn, Tent and graphics can iruerait flexr&ly. and she uirr cifi 
prjnS labels dr CipUOItS an piilurdl, or draw picture* :o 
accompany text. Printed espy cf b«h wsr and gmp^ti li 
IvaibUe 


B._ Sha.ditLF[ areas 

P.aster style fraphtc; sysiem er-sb'r fht user to Lliink abuur 
areas is pittUfe cotnpenents a.1 well » just tines and pOidtS. 
This allows the user ra fully exploit the twp dunEniional nutire 
of the display Kreen. In she TV Turtle, pinnitives arE prCvi-Jtic 
f*r constructing, naming and enanipulatinj aid!-. 

The concept «f iHe turtle's pen whifh dram lines d readily 
generalized EO that of a brijjJi which sweeps out arfli. An 
arbitrary picture may be desijoajrd as the tUrlle'i crush, and 
thsc picture u swept aczdis the paiS ale«i which the uinl* 
imov*i Tnis permiLi rhe nirtlr ra draw a; ira.sv lints oF my 
thickness, ?s well as Jm?s ncrmally one pa-it wiii lo 







ton juntLitr'i wj rt irifji..! freer 3 deviti ig;h 11 u incuse sr ublei, 
the bush can be used for painling res;.oni f rrehand. 

For prOgxlJfti. hQwfver, [he iKUili rnodr ll not enmpleiely 
■auifuiari Programs for :cnsirb:lirg fil «i! in ireis villi *v<f, 
I triple JeWtsetriL 1 14pel t|Ui( Mr btCO-Tie complicated. To allow 
easy cm [.an of shaoer. regions, lhe system provides a 5HAD£ 
Cflfeih'il rid. A closed curve is dfiwn wiIJi the pin down, outlining 
the regrun 10 b« fUlid 10. and Lhe mute st pUctd It illy mwiOf 
point of the region before iHUHig the to.-nrr.md. The system 
then sCini Ehf «re*n to find Ih« boundaries pf ’hr re^inn and 
fLlli li. The area to be shaded may hi M my khif* ot tile An 
argument cin be piven to JhulPE to ipttlfy a Shacf JJS.fi 
'patftrn. which leSls the turrit hoi- io fill I he area. The default 
ihiStn^ pattern, SOLID, turns on tTery prune in the region The 
tyMtOl alia provists a act of predefined shading piiwms, which 
are lufflCLHit for typical iM Of Hus feature, Like djslmguiih mg 
between a few ncLghOormg rf^iOhl These petJnrcn funtsioeis 
iuch as fLlling arras wnh human :aj ar verbal tines. The user 
also has the optior. of uung any piciure m a paintrn, in 
which case the region ll filled wiLh thal pitLunr, repeating sL 
"wallpaper" Kyle if neenury, Alreroaciuely. the uier can supply a 
function to drs.dt how La shsile I he ice*. (her figure S j 





* 'fl “I'll 3 s. A pctum t.irm le d uS Tl vivar *' coherent STiUirg 
pall*™. 

In the co nr -rr:in of Lhe a-atm destribtd bel&w the shading 
facility ii ei.rrcLi.liy useful in filling areas vuh differer.i colors 


7, Aflimatlhll 

Foe real tune a r ima: ,ir., i: is, important that the -user he able !o 
create, display, erase and transform pictures rapidly enough to 
{l*e the appearance Of mouon- Neither She vector display Iuu 
nor TISWr graphic! lylteipl. 4re usually flit enough to make it 
ftllibSr 10 draw rich frame f:om Stntfh. dynimiCHly 
computing the transformation.! of the picture from one frame so 
tii* next. ]fl a«ror display lilt tyicwni, the limiianen is usually 
not the speed of the display presence. but thr speed dr the 
disp'ay 3m. compiler, [rasieau, movies are usually made by 
drawing frames nr iev components of ,fm lira and saving them 
in seme lower level I arm n'h irh is lasrr - io rcoiiplay, erase, and 
cnow« than tA'*t«»mrig lhe «ijku 1 pr««ii>r* ihac drear rM- 
picture, in Lhe case of vector d isplayL this li:w level 
jecrestciiuon for asctLres le a oiso'os bsl. 

In the TV Turtle system, the principal (Ian uniciiiri u-|#d Cpf 
this purpos* ii ailed 1 Wib<Hr\* A wihdftw It an array Of 
poiriii reps Fleming Lhe pits: rare in a rectangular area an the 
Itrcni. it an be thought of as a 'phoicgraplT nl that pan of 
the screen wsrhlfl igavffl rlCtinguilr "vsewf moer' Ontf treiled, 
1 window can be diapbyed or erased at any oca non an. the 
screen. {Bee- F igure f.) 

Redis^liy flf a window is impltflienrec sumply by trlr-trerrinj 
th-e cbfiLCfili Of llit window array into the screen memcry, “hKh 
ii a. very flU opf?ltlcn. TransforrratitFiS such as rotiitan.. 
nflffil^it and scaling Of window* are curmntly hOI provided as 
prithLlives.. but rruay tie prog rumored, by tne user or 4 syuemu, 
prfcgrahimtE Showing a nwvie by dilpliying pcures lived in 
windows al UtUilly much fa tier lhlh tiecuting pTocrSurn r* 
draw each piiture. bUindowi alic prorvidr a iF.eini ct tlipp.ng 
pictures, as any portlbh -of the picture outsidf the nnanguar 
area Will be esjcL-uoec f ram Lhe windd*. 


Figure 3b. Thi et^vt ii r«ed m wilh HCriMihlil hi:. 
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Figure A* f> pi; I jrr of j ba1 is saved in j wircow. 
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Ffjure Ah. Tl** ball is me,v*d ?H> itep^ ih» r i|^1 gl ji, 
Of-igm*’ roi l or. 

The- speed oF displaying windows depends only upon Iioa minn 
*><> picture DOtupi«. ]( tt iotil!y uisensmva r« [tie 

■sefnples.iry of a picture within a revion, jnl. Lr liispliv liHs. The 
^■indlaw reprewirilitHl pi therefore ideal for ifmTUlim in which 
men Chinges happen wurtiin pnklt irris 0( the screen, bui fhiilt 
hipped very fat;. An example is a game bkt Ipiie war, where 
e4?^e at ft stive, appear and SlJJpprtr {ihapi and torpedo*) 
Pig he be ctsmpSm: pifiurti. bait are small relative 10 ihe sue of 
rhi str«n. and n*td ;p be changed rapidly. W uw> may rend 
trn be somemltar space oonsum.rg For Lome applLcaljana Thl* 
rrob.e.T. could be remi:ed by (Oh »r:;;rj to a run length 
encod-iop scheme, at The you of increasing the arrictMU uF time 
n*c(uaty to redLiplay a window- ]t is alua posable Id coo struct 
eihe? types of )pw level representation f«- ptilUris, opluriied for 
plrturtl with particular kiipun chi fit!eristics 

A disadvantage -Of Ihe w-jndow commandi is they currently kib 
ii that the area saved tn a window must be Lpettritd *s a 
reccanguUr ire*. Thu may inaike jl inappropriate For jiving 
picture* With irrepilarJy shaped boumLa.n*i. Saving the 


enclosing rectangular area may save tn the window pontons of 
some other unwanted picture Adjacent :a it. or ar lest: masse 
spate saving empiy area Overlapping pittuifl art alu a tourer- 
OJ SuFFiCLhy, making it dtfFicul! La assign ie|: ime names lb the 
wigHJ] of two pr-DTfdutei if the pinur** they draw tin oievlip 
chi the screen. Erasing a wirdo- also erases ihe pitture "behind" 
U, 4 probledv also rncr.ur:piTd worn .is ni me enter mode nf 
Ihe lurlle, it dfcKUSied above. As with lhr <rdMr rood*. Ihrt 
prob-len can be alleviated to scene ex lent by using XOR node, 
or exp lieu ly saving and. reuef ir g p.rrnrr-i Raiancn and selling 
irihirordVIient are mor* ehFfkyi; lb iipply lu patrdfr* using she 
Window represeniiNOn Ihan is Che Case with vector display IiKi 

|d Logo imp :ner:d::drs for vector dLrplays sjtn as Ihtsse 
dtKtlbed in [■+] aod ft] the basic piciure uvmg capablMy n 
provided by ihe JiHAP commanp. This ccmmamt saves a otclure 
fusualiv Lhe efitire sirseni as a display 'isl Subruuluie A snap can 
jubseg-uencty be redLsplayed anyuhere cn ihe screen by inserlsnf 
a call ed that sjorauint tnto the current G:sn'ay list. Removing, 
the call crtict the piccure |tav<d in Ihe snap f.mrr. the tcr«r. T he 
triplerniersitribn described in [M provides, such cipibilitieF as 
copying srips. editing them by appeadinr mi true Items Id Ihe 
Mbroutih*, und rffitJUmg ihe Mbpe OF che picrupf savid m a 
snap ta :he display Itsi output by a particular piece of suurce 
Ctsdif 

A problem. WiLb saving pittures as display list sisbroutmes wtii-g 
the 5NAP command ls chat ihe lelanar.ship oesweer pictures 
visible on the screen, and pictures taveo m snaps ii not always 
(tear Thu i( eipeslillj lmt when enuiupie copies c< snaps may 
fs!ii4 when imps tan be- -rdsied, arc! when there ii esredStve 
dveTlapptrtg of pittures. There at no way :o resinct the euer-i of 
%, Mlap Jfl a particular irea dfi Ihe UNfll Windows, however, 
have the property Ihai EL'.hai you see u nhir yov got 
Evrryibmg vpfihle WLiiiin rl-e .sper.f.cc arei will be included in 
■be wiadfiw, regardless or whai cm tec ji to appear, including 
vr-tcor*. rek<L pbidri, iliidec areas, and ocher dtspUyed <- inet^s 
WiniSowj. Allow wlecunj a pariAobir region lk the strem to be 
saved, whereas snaps allow seleclivtiy wiih lesp-ttl ra ihe |jm* ar 
which the picruie was drawn. Another problem wiLh snaps as 
Thai (hey birth® be ebilhined lm any ressomble way, and rail 
remain somewhat myslerinus lo a naive (aM-; Th* jpcernal 
structure of a window, however, is simply an array Of pOiPIA 
and. can easily be- enarrireo and moc.f.K by the user ur by 
pepgyiJPh 

6. Color 

3i» idd-lhbn to the blatk and wbiw sysiern. version -nf th* 

TV Turlle displays Full color pitLures cn an Adv*h| p-vjfttibn 
television screen. The color version understands mot: of Ih* 
same commands, is the biack and whire version, until additicml 
ornniksni F« ereiimg and mimpulatmg ^o*ors The sysrem 
supplies a se: of colors initially, but ihe use: riy define new 
color* U-SIHf the HAKTCOLOR (smmjpd, whLth creates a new 
eolur From i speclFied. mi.v of the primary MlbrS -*d. green, ind 
blue. The- turtle's pen .has a poo coj'rr and all d-iu.ngs done 
by the- :ur:le appear ora ihe screen in ihe currently lelotled pen 
color. Th* lysitm Hkl kvepu trafL of rne colcr erf the 
background igiin« which pscrures ace drawn Plenum are 
erased by redrawing them with the eraser daw a. uma; Ibis 
hpc'cgreund color, tilled Ui* or*z#r noior clearscRECn fills 
the iceerrs with Lh.r tnur color, thereby ef^sing *v*ryihi.ng cm 
Lhe scrern. 










The screen mernpry for :iw tolar uem u\n sfvirjl bits ta 
dc-Krib? the ware of each poinr These bits address in army 
Called Lhe pmS-tille. which hold]' 1 se: pf currrnrly a vj i ,i j< 
colon. A sain i T.iy be- displayed in my color which is a rerorr 
of this *ei. The colors chosen for the palelte may bi changed ic 
liiy tune. Thus, any number cf rolari may he defined, bui me 
number of Whirl actually vifiSIs- on lhe screen, if any pa-tiCmlar 
ItfriP is limited by the Capacity of She pllelle. Whenever a 
FEMCOLCiA Pannand ss i lived she pslelle i> searched m find 
the new pen cobr. [f it it p|*wnr. lhai tolar is celrcifd. rr hM. 
the new colnr n mateied intfi. lihe next available spate in thr 
piletTt. CLEAftS'CFiEEM dns*! all ilie wlon fsdm (hi palerte 
for Lhe current pen *[id efSSW tutors. Thus, the u«r heed 
ririri only pit terms of symbal^ally nanwc colors rilSier lhan 
numeric! I indices mto the palcrie. and, >-j|E nitly get an error if 
Lhe limn on tine number or different cubes in use lirrMianfously 
|j ructeded Tht pkleL'e can. however, be « pUnljf accessed if 
dcilnd 

It IF vtry easy to Change l!ie color to whsth i pajtLftjbr number 
repnetehtmg the siaie of a pornr corresponds, iirrply by 
modifying the pjl«W, This hi! Lhe visual erf ft! of 
Hnwl«ft«UHy changing 111 points on the screen oi Lhat CQtv A 
P,L Pla£ LlCOlG 3 prifiijii ir 4 supplied, which. given [up tnlon, 
changes all picture! on Lhe screen in nrue to^n to iiraber Tbs 
operation is touch faster tiiin achieving the sane erfeti by 
redrawing the pacnara ui SflHher tolar. fjsuig this, it is easy to 
program psyshefleht eTreiSs by rapidly thonging tolori randomly 
In * muliicobred picture ]t ls also possible id exploit ihis reaiure 
for ammiUon. so that a picture could be made » appear or 
disappear very ijuickt-y by using R£#M.ALECOLPFL 10 change it 
fram She background tfllOc Lo same contrasting color and back 
ifi, In. 
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The TV Tunbe- Is a plrtige of funeneini writlen in the 
MitLup dialect of LiSp for the ?&P|0 3 J. ]( can be used 
richer directly from Lcsp or from ojr Lisp implemencai-on af 
Logo [II A iinilar graphici iynem n currently being 
inplrmenred Tor the PDPj]f« ,r. membly language. Both lhe 
black and white anO the paltxr displays are temaaLible with 
saandard bfMdcail television. SllOwiilg th* uae at siafidand TV 
monnet-i fir t idea rape equipment. Rnplutiw ll apprcouiraiely 
S 75 poLPts r: =.--i 3 ijI. :jllv by eie ppinas vtniCll^. The black and 
yrluSe syiiem hat One biL per point (w gray leueli). The enlbr 
syauern hai r«ur biLs per pomp tll0inl1£ up to siaietr. difEerml 
oobri so appear on ttie Kr*fn at Once. Hardware W lhe blwk 
and yrhrte system w*y dejigrred fay Tdm Pifi^hl, fee lhe calur 
ijitetn by Ron Lebrt. 
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